The use of levodopa for Parkinson's disease (PD) was first described in 1961, and it remains the most effective medication available for the treatment of this condition. 1 However, levodopa displays a peculiar pharmacokinetic and pharmacodynamic profile such that chronic use of oral formulations can eventually lead to treatment complications such as motor and nonmotor fluctuations and levodopa-induced dyskinesia (LID). Dopaminergic-induced complications are divided into motor and nonmotor complications. 2 Motor complications will be reviewed in detail in this article, including the wearing-off, dose failure, the beginning of dose worsening, end-of-dose rebound, and LID. Nonmotor complications such as autonomic, sensory, and behavioral symptoms are covered in another article in this issue. A combination of disease progression (loss of nigrostriatal dopamine terminals) and fluctuating levodopa levels (due to both central and peripheral mechanisms) likely give rise to the motor complications of PD. In the first years of dopaminergic therapy, there is an excellent response to treatment. Patients do not notice any fluctuation in response to individual doses of levodopa, and if they miss or are late taking a dose, they may not report any issues. This phenomenon is known as the "longduration response" 3 of levodopa. Over time, on average after 2 to 5 years of chronic use of levodopa, patients begin to become more aware of the duration of action, and the "short duration response" becomes more critical, with a less-effective response and oscillations in benefit duration. Fluctuating levels of levodopa are aggravated by several peripheral pharmacokinetic factors, including a slow rate of gastric emptying, erratic jejunal absorption, and competition with dietary amino acids at absorption sites, as well as transmission across the blood-brain barrier. 4, 5 Thus, as the disease progresses, PD patients often experience a decreased duration of action, slower or even failed therapeutic effect, and a need to take more frequent doses of levodopa.
concentrations with a loss of normal constant stimulation of postsynaptic dopamine receptors and fluctuating benefit from levodopa, as well as altered basal ganglia circuitry firing and resultant hyperkinetic movements (dyskinesia) in response to levodopa dosing. Disease progression is a major factor in the development of motor complications. Many epidemiological studies have investigated this issue and consistently report an incidence of 10% per year. Within 2 to 5 years, up to 50% of patients may experience some degree of motor complications, and between 80 to 100% of PD patients will develop motor complications after 10 years of dopaminergic therapy. [6] [7] [8] In terms of PD subtypes, patients with akinetic-rigid PD appear less likely to develop fluctuations, but also commonly have less-effective antiparkinsonian benefit of levodopa compared with tremordominant PD. Interestingly, disease severity as assessed by Unified Parkinson's Disease Rating Score Motor Exam (UPDRS Part III) appears to play a lesser role, and may not correlate with dyskinesia.
10 This is often seen clinically when PD patients who have very mild symptoms can often develop marked LID. However, another well-recognized clinical finding is that dyskinesia is usually worse, or begins on the most affected side of the body.
11
It is well known that higher levodopa doses are associated with the higher risk of developing wearing-off and dyskinesia. 10 Early use of catechol-O-methyltransferase (COMT) 12 In a more recent cohort of 234 patients, six variables correlated with the risk of developing wearing-off in a ranking order of relevance: total daily levodopa dosage, levodopa daily dosage adjusted to weight, the duration of the levodopa treatment, the disease duration at assessment, the Hoehn & Yahr (H&Y) stage, and the UPDRS III score. The overall accuracy of prediction was 69.7%.
13
Additionally, the disease duration at levodopa initiation did not relate to the wearing-off development. 13 In keeping with these findings, a recent study also suggested that motor fluctuations and dyskinesia are not associated with the duration of levodopa therapy, but rather with longer disease duration and higher levodopa daily dose.
14
Motor fluctuations are also a consequence of issues related to the peripheral and central pharmacokinetics of levodopa. The rate of gastric emptying in PD is one of the main determinants of levodopa bioavailability. 4 Slow gastric emptying delays the delivery of levodopa to intestinal absorption sites in the small bowel, possibly increasing presystemic decarboxylation and resulting in reduced levodopa absorption. Other factors that may potentially interfere with gastric emptying include food (described below), low gastric pH, constipation, and anticholinergic-binding drugs.
4
The specific interaction of dietary protein, due to competition with amino acid transporters across the gastrointestinal tract and the blood-brain barrier, is another factor complicating levodopa administration. The interaction with food is often variable, with some subjects being very sensitive and others far less so. One study has suggested that clinically significant protein interaction with levodopa occurs mostly in PD patients with earlier disease onset and positive family history. ; however, more recent studies have correlated its eradication with significant improvement in clinical response to levodopa and less motor complications.
17,18
The peripheral factors described above that limit levodopa access to the brain further exacerbate the central fluctuations in dopamine levels that occur. The loss of nigrostriatal dopaminergic terminals and of normal dopamine recycling and turnover as the disease progresses gives rise to pulsatile dopamine receptor stimulation. Positron emission tomography (PET) molecular imaging has shown that in advanced PD patients, levodopa administration induces sharp increases in striatal dopamine levels that correlate with LID severity.
19
Young-onset PD patients may develop LID and motor fluctuations earlier and more frequently than patients with an older age of onset. One study reported median intervals to the development of both dyskinesia and motor fluctuations in young-onset PD patients of 3 years, whereas in the older-onset patients, median intervals were 4 to 6 years. 20 Subsequent studies have consistently shown that younger age at onset is a significant risk factor for earlier development of motor fluctuations and LID.
10,21,22
Female gender has also been described as a risk factor for both the wearing-off phenomenon and LID. Several studies have suggested that the prevalence of wearing-off is about one-third higher among women than men. 10, 22, 23 associated with young-onset PD, and the frequent appearance of early dyskinesias in these patients may suggest a role of genetic factors in development of motor complications.
32
However, genetic parkinsonism in general tends to affect individuals at a younger age. As noted above, age itself is known to be a risk factor for developing LID.
10,21,22
In the more common sporadic forms of PD, polymorphisms in dopamine receptors have also been investigated. Polymorphisms in dopaminergic D2 receptors, but not of D1 receptors, may reduce the risk of developing LID.
33
Polymorphisms in the dopamine transporter have also been implicated. In one study of 352 levodopa-treated PD patients, 54.5% participants developed LID, with a mean latency of 5.0 ( AE 4.5) years and after adjusting for gender, age at PD onset, duration of symptoms prior to levodopa exposure, and multiple testing correction. In that study only a single nucleotide polymorphism in SLC6A3 (with 81% genotyping success) was significantly associated with LID latency (p ¼ 0.000041). 30 In another study, diphasic dyskinesia was exclusively linked with the D2-like dopamine 3 receptor (DRD3) gene after adjusting for gender, age at PD onset, H&Y stage, and the duration of levodopa treatment.
29
Polymorphisms in genes that influence dopamine metabolism have also been investigated. However, individual single nucleotide polymorphism s in BDNF, COMT, and MAO-A genes appear not to consistently influence prevalence or time to onset of dyskinesias.
34
Studies investigating the pathophysiology of LID have so far focused mostly on peak-dose dyskinesias, with impaired peripheral absorption of levodopa contributing to abnormal pulsatile stimulation of postsynaptic dopamine receptors in the striatum. The subsequent effects on dopamine receptors and other nondopaminergic signaling pathways is complex and more difficult to study, with a net effect of reduced inhibition of basal ganglia outputs to motor cortical regions contributing to the development of dyskinesia. The nondopaminergic pathways also implicated in the pathophysiology of LID include glutamatergic, cannabinoid, opioid, cholinergic, adenosine, and noradrenergic systems. 35 Another nondopaminergic system involved in LID is serotonin. As serotonergic terminals do not degenerate at the same rate as dopaminergic terminals, abnormal processing of exogenous levodopa and the release of dopamine in a dysregulated manner from serotonergic terminals may contribute to pulsatile intrasynaptic levels of dopamine and development of LID.
19

Motor Fluctuations
Motor fluctuations are changes in PD symptoms related to the time of levodopa dose. The "On" period refers to the improvement of symptoms after each dose of medication. The "Off" period is defined by the recurrence of symptoms or a lack of levodopa effect. Oral levodopa formulations usually take at least 20 to 30 minutes to take effect, but depend on the many factors mentioned above, such as protein intake, the gastric emptying rate, and constipation. As the disease progresses, levodopa duration is shortened, and patients often need to reduce the time interval between doses or increase individual doses. The loss of a smooth long duration response to levodopa results in specific patterns of wearing-off.
Predictable Wearing-Off
Predictable wearing-off is the regular recurrence of symptoms at the end of a dose of levodopa. This is the most frequent type of wearing-off, and is usually the earliest manifestation of motor fluctuations (►Fig. 1). In early PD patients, the response to a single dose of levodopa may last for several hours, and patients may not experience recurrence of symptoms even if a dose is missed; this phenomenon is named the long-duration response to levodopa. 3 As disease progresses, levodopa duration is shortened (4 hours or less), and patients need to reduce intervals between doses and/or increase individual doses. Patients may report the worsening of tremor, bradykinesia, freezing of gait, difficulties in walking, and/or nonmotor symptoms like anxiety or panic attacks emerging before the next dose. Predictable wearing-off includes "early morning akinesia" with the worsening of symptoms in the early morning due to low levels of levodopa as the last dose was the night before.
11
Unpredictable Wearing-Off Unpredictable wearing-off or "sudden Offs" happen less frequently than predictable wearing-off, and more commonly occur in more advanced stages of PD. 11 Patients report the sudden recurrence of symptoms often unrelated to the timing of the next dose (it may happen anytime during the day). Because of this acute worsening of parkinsonian symptoms (that can occur within a few seconds), patients can develop sudden disabling akinesia. On-Off Fluctuations ("Yo-Yoing")
Some patients may rarely experience a combination of predictable or unpredictable rapid switching from being On to being Off. The term ''yo-yoing" infers rapid, abrupt, and sometimes multiple transitions from one state to the other. 11 This subtype of wearing-off is now rare due to the practice of using overall lower doses of levodopa, but can be seen in more-advanced PD patients.
Beginning of Dose Worsening/ End-of-Dose Rebound/ Delayed or Partial Response/ Dose Failure These subtypes of motor fluctuations are usually a consequence of erratic levodopa absorption as described above. Delayed onset of the effect, partial or suboptimal clinical response, or even dose failure can thus occur. Some patients report worsening of symptoms just after taking levodopa at the beginning of the dose cycle, most commonly described as worsening of tremor that subsequently settles down once levodopa levels increase and stabilize ("beginning of dose worsening"). Other patients may also experience symptoms more severe than in the untreated baseline state at the end of the dose (also called the end of dose rebound).
Spontaneous Motor Fluctuations
Fluctuating symptoms (both motor and nonmotor) in PD are common, and many patients cannot describe a clear pattern in response to medications. Such features are usually slow, chronic changes, such that patients report "good days" and '"bad days," which likely have multiple etiologies. One factor, though, may relate to the effects of sleep. Patients often describe an improvement of symptoms in the morning and deterioration through the day. 11 This phenomenon is also known as a sleep benefit. 36 Prevalence estimates range from 33 to 55% of PD patients who recognized this phenomena.
37
Sleep benefit can also occur after daytime naps.
Management of the Wearing-Off Phenomenon
The first step when managing a patient with motor fluctuations is reviewing the levodopa schedule. Adjusting the timing of levodopa doses can be crucial in avoiding the predictable end of dose wearing-off. Overall, lower doses of levodopa given more frequently are typically the best option for managing motor complications. Although controlled-release carbidopa/levodopa was designed to provide a more smooth and longer duration effect of levodopa for treatment of wearing-off, it has not demonstrated significant benefits compared with regular-release levodopa/carbidopa formulation. 38 In addition, delayed and often unpredictable responses resulting from erratic absorption have limited use; currently, it is best confined to bedtime to provide more stable overnight levodopa levels.
39
Gastrointestinal factors may affect levodopa absorption, and patients may report a less-effective dose after eating, especially after consuming meat protein, which may aggravate wearing-off in more sensitive patients. Patients should be advised to take their levodopa 30 minutes prior to eating. Additionally, constipation and the use of anticholinergics may exacerbate delayed gastric emptying, which also reduces the absorption of levodopa. Therefore, constipation should be promptly diagnosed and treated. The recognition and management of nonpharmacological factors that may influence the efficacy of levodopa are also important, as anxiety and stress may lead to reduced benefit or even a sudden loss of benefit. The management of a delayed response or the lack of response generally consists of interventions to optimize the duodenal absorption of levodopa, such as facilitating tablet disintegration and the gastric-emptying time. 4, 40 In clinical practice, patients are often advised to avoid large protein meals with levodopa doses during the day if they have experienced dose failures, switching high protein meals to dinnertime, chewing or crushing levodopa, and drinking a carbonated drink with each dose. Rescue medications such as subcutaneous apomorphine may be useful in some patients.
41
Freezing of Gait "Freezing of gait" (FOG) can occur in the later stages of disease as another clinical feature of motor fluctuations. It can be described as the inability to move the feet, hesitation to initiate gait, and a feeling that the "feet are stuck to the floor." 42 FOG occurs in up to two-thirds of patients, being more common in males than females, and is associated with akinetic-rigid PD. 42 FOG is a phenomenon that occurs most often during the Off state, but it may also happen during the On state. 43 The occurrence of FOG can confer a significant risk of falls and subsequent fractures. 44 Several factors can trigger FOG in PD patients, unrelated to medication timing, including anxiety and obstacles to walking including turning, initiating a step, crossing a busy road, doorways, or narrow spaces. FOG usually has a poor response to dopaminergic therapy; however, some patients may improve with levodopa dose adjustments, particularly those with FOG during an Off state. There is low-level evidence that amantadine may improve FOG and balance; previous data suggest that amantadine is associated with self-reported improvement in FOG in PD (questionnaires), but the effect may be transient (amantadine mean dose was 100 mg twice daily and the treatment duration 20 months). 45 Some patients reported reduction in benefit after 4 months. Potential side effects are visual hallucinations and peripheral edema. Additionally, studies have failed to show benefit of intravenous amantadine for FOG, with no significant improvement in overall scores.
46,47
Monoamine oxidase type B (MAO-B) inhibitors such as rasagiline have shown a positive effect on FOG. Previous large trials demonstrated improvement on the UPDRS subscores of FOG in patients with advanced PD.
48,49 A recent study proposed that lower UPDRS gait scores, higher levodopa equivalent daily dose, lower anxiety scores, lower FOG-Q scores, and higher UPDRS scores for lower extremity rigidity and rise from chair, may predict FOG-related rasagiline benefit.
50
Noradrenergic mechanisms have been implicated in gait. The mixed dopamine/noradrenaline reuptake inhibitor methylphenidate (1 mg/kg) has been evaluated as add-on in advanced PD subjects, but with conflicting benefit for FOG.
51-53 There were no significant adverse events.
Levodopa-Induced Dyskinesia
Patients may experience involuntary movements along with motor fluctuations, including LID. LID can manifest as different phenomenologies, including chorea (most common), dystonia, or ballism. 54 LID can be classified according to time of onset in relation to levodopa dose, and include peak-dose dyskinesia (involuntary movements that coincide with the peak-action of levodopa) and diphasic dyskinesia (involuntary movements that emerge just before onset of the On period and that reappear at the end of the therapeutic benefit) and Off-period dystonia.
55
Chorea is the most common movement in LID, characterized by involuntary, irregular, purposeless, nonrhythmic, abrupt, and rapid movements that seem to flow from one part of the body to the other. Slower choreoathetotic movements occur particularly as peak-dose dyskinesia. The severity of choreic movements can vary from mild (involuntary movements that may not be recognized by patients or others) to major (involuntary movements that may significantly interfere with activities of daily living). Neck and limbs are most commonly affected. Larger amplitude proximal movements (ballism) can be seen in choreoathetotic peakdose movements, but may also be seen in diphasic dyskinesia as involuntary leg movements.
Dystonia is the second most common form of LID and can be defined as sustained contractions of agonist and antagonist muscles that may involve focal/segmental muscle groups. Dystonia can be seen in all types of LID (peakdose dystonia, diphasic dystonia, or Off dystonia), but is most commonly associated with pain and present in Off periods or during the transition from On to Off (especially affecting the lower limbs). 56, 57 Limb dystonia can be a presenting feature of untreated PD and especially in genetic PD (parkin -PARK-2, PINK-1 -PARK-6 and DJ-1-PARK-7).
57
Blepharospasm is a focal dystonia, with increased blinking frequency and involuntary eyelid closure, and can also be seen as part of motor fluctuations. Spread of dystonia to include jaw opening, neck, and hand posturing may also occur. Myoclonus-like movements have also been described during LID, including focal and multifocal and spontaneous, action-induced, or stimulus-sensitive myoclonus. 58, 59 Involuntary eye movements or ocular dyskinesia can rarely occur as part of LID. 60 Abnormal involuntary eye movements consist of repeated, stereotyped upward and/or sideways gaze deviation movements, sometimes phasic, brief and jerky, sometimes tonic and sustained for several seconds. 60, 61 Interestingly, the main direction of gaze deviation is often the side more affected by parkinsonism. Ocular dyskinesia can be worse in darkness and suppressed by visual fixation.
62
Dyskinesia can also affect respiratory muscles in PD patients. Despite being a frequent symptom, respiratory dyskinesia is poorly recognized and often misdiagnosed.
63
Respiratory dyskinesia causes tachypnea, irregular rate and depth of breathing, and is usually as a peak-dose phenomenon. 64 The underlying mechanism is still unknown, but possible mechanisms posited are paradoxical choreic movements of respiratory muscles, and effects on respiratory brainstem centers.
64
Interestingly, poor self-awareness is one of the hallmarks of LID in PD patients. 65, 66 Thus, patients often do not notice the presence of dyskinesia, unless disabling; rather, it is family members/caregivers who will report it. Some authors have suggested that poor self-awareness of LID is present in a proportion of PD patients as a form of anosognosia being correlated with predominance of motor symptoms on the left body side. 65 Additionally, a lack of self-awareness of LID in the trunk may be due to a complex interplay involving both anosognosic mechanisms and deficits in proprioceptive axial kinesthesia.
65
Peak-Dose Dyskinesia
Dyskinesia is most common at the peak-level of levodopa action ("peak-dose dyskinesia"), and may display multiple types of movements, including chorea, ballism, and dystonia, and more rarely, myoclonus. Choreiform movements in the limbs, head, neck, and trunk are the most common movements in peak-dose dyskinesia, but dystonic posturing in the limbs and craniocervical dystonia may also be seen. Dyskinesia frequently starts on the most affected side and may begin in the foot or lower limb.
67
Reducing the development of motor complications involves recognizing those patients most at risk. The key management strategy preventing and treating LID has focused on lower doses of levodopa, with an aim at continuous dopaminergic stimulation strategies. Overall, recent reviews suggest that current treatment strategies have been more effective, and significantly disabling dyskinesia is less common than in prior years.
22
Many patients may experience mild dyskinesia that may not necessarily need to be treated. However, the presence of mild peak-dose dyskinesia means that add-on therapies, as discussed above, are likely to increase dyskinesia, and so should be used cautiously. Reducing individual doses of levodopa is suggested to reduce dyskinesia; however, in clinical practice, it is rarely helpful as patients frequently then report worse motor Off symptoms.
Treatment for peak-dose dyskinesia should thus be started when the involuntary movements start to bother the patient or affect daily activities. The main goal is keeping dopamine levels as low as possible without compromising PD motor symptom control. Reducing concomitant COMT and MAO-B inhibitors can also reduce bothersome peak-dose dyskinesia. An levodopa/carbidopa intestinal gel (LCIG) infusion may also improve LID by providing more steady levodopa levels, avoiding the effects of peak dose with concomitant improvement of parkinsonian symptoms. 68 In addition, subthalamic nucleus deep brain stimulation (STN DBS) can also improve LID, being most effective for the management of Off dystonia, followed by diphasic dyskinesia and peak-dose dyskinesia.
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Diphasic Dyskinesia
Diphasic dyskinesia happens more rarely, usually in 15 to 20% of patients, and clinically manifests as involuntary movements at the beginning and end-of-dose, when the This document was downloaded for personal use only. Unauthorized distribution is strictly prohibited.
levels of levodopa are rising and falling. 70 Alternate names include ''beginning-of-dose'' or ''end-of-dose'' dyskinesia.
11
Another term also used is ''dystonia-improvement-dystonia'' or ''D-I-D'' pattern. Diphasic dyskinesia tends to affect the legs predominantly, and can involve stereotypical rapid alternating leg movements, as well as unusual ballistic kicking or dystonia. 58 Walking can be affected with highstepping, so-called funny gait. Treatment of diphasic dyskinesia includes smoothing out daily dopamine levels by either small, fractionated more frequent levodopa doses and/or the use of a dopamine agonist (if tolerated). 41, 71 Similar to peakdose dyskinesia, enteral LCIG may help maintain more stable levodopa levels and control diphasic dyskinesia.
Adjunctive Medications to Treat Motor Complications in PD
There are several options for add-on therapy that (when combined with optimal levodopa dosing) can reduce Off times by extending the duration of levodopa (►Table 1).
Clinical trials with all these agents have shown an overall average decrease in daily Off time of between 1 or 2 hours per day. 72 All adjuvant therapies have the potential risk of increasing peak-dose dyskinesia.
Dopaminergic Agonists
The most commonly used dopamine receptor agonists are ropinirole, pramipexole, and rotigotine patch (►Table1). There is currently no evidence for a significant difference in efficacy in improving Off time between these drugs. 73 The main limiting factor in use of all dopamine agonists is the risk of side effects including impulse control disorders (ICDs), sleep disturbances, and rarely heart failure 74,75 and Pisa syndrome. 76 To date, there is no evidence for any difference in side-effect profile between these agonists. Several prior studies had evaluated the early use of such dopamine agonists as monotherapy to prevent motor complications. However, long-term follow-up has suggested that while effective at reducing the risk of LID in the first few years, once levodopa is added, subjects will still develop motor complications similar to patients consistently on levodopa.
77
In addition, the clinical benefit in reducing PD motor symptoms with agonists is much less than with levodopa. Due to the higher risk of side effects, some experts no longer advocate the use of dopamine agonists as therapy for early PD. In addition to oral agonists, subcutaneous apomorphine is a very effective dopamine agonist that may be used either as a "rescue" therapy for sudden-Offs or in continuous infusion for advanced PD subjects when DBS is not suitable (►Table1). Table 1 Approved medications for the management of motor fluctuations and levodopa-induced dyskinesia
78,79
Medication
Mechanism of action Side effects Reference
Motor fluctuations
IPX066
Extended release levodopa/carbidopa formulation combining IR and ER levodopa/carbidopa Nausea and insomnia [83] [84] [85] Pramipexole, ropinirole, and rotigotine (patch)
Dopaminergic agonists
No evidence for a significant difference in efficacy in improving Off time between these drugs ICD Sleep disturbances Ankle edema Skin reaction (patch) [72] [73] [74] [75] Apomorphine Dopaminergic agonist "Rescue" therapy for sudden-Offs (subcutaneous injections) or in continuous infusion for advanced PD subjects when DBS is not suitable Nausea (and as above) 78, 79 Entacapone and Tolcapone COMT inhibitor (inhibition of enzymatic degradation of levodopa) Formulation in a single tablet combining levodopa/carbidopa/entacapone Nausea and diarrhea Worsening of dyskinesia 72, 80 Rasagiline and selegiline MAO-B inhibitor Interaction: -Some antidepressants -General anesthetics -Serotoninergic drugs 81, 82 Levodopa/carbidopa intestinal gel (LCIG) 
Catechol-O-Methyltransferase Inhibitors
The inhibition of enzymatic degradation of levodopa with the COMT inhibitor, entacapone, has demonstrated a benefit on wearing-off. 72 This medication has minimal side effects, mostly gastrointestinal symptoms such as nausea and diarrhea. 80 Entacapone is administered with each dose of levodopa, and a special formulation combining levodopa/ carbidopa and entacapone in a single tablet has been marketed to improve compliance. Tolcapone is another COMT inhibitor, which is both a peripherally and centrally acting COMT inhibitor that may have greater efficacy. Use is limited due to risk of elevated liver transaminases causing fatal hepatotoxicity. 80 Tolcapone is administered 3 times daily.
Monoamine Oxidase Type B Inhibitors
Another add-on class is the MAO-B inhibitors, with two currently approved formulations: selegiline or rasagiline (►Table1 CVT-301 is a levodopa inhalation powder that has been evaluated for sudden-Offs. 88 A phase II trial showed onset of effect after 10 minutes, and significant mean Off time change from baseline after 4 weeks (-0.9 h/d). 89 Most common side effects were dizziness, cough, and nausea. A phase III trial is currently ongoing (ClinicalTrial.gov, NCT02242487). Subcutaneous apomorphine formulation is an effective drug currently available for rescue treatment, providing quick effect onset within minutes but with a relatively short duration of action. Sublingual formulation of apomorphine as a film strip is currently in clinical development with promising results in a phase II trial, with 78.9% of patients achieving On state within 30 minutes of administration of sublingual film, and a mean duration of On of 50 minutes. 90 A phase III trial for the treatment of both predictable and unpredictable Off episodes is currently active (ClinicalTrial.gov, NCT02469090). Several nondopaminergic targets have been investigated for motor fluctuations and levodopa-induced dyskinesia as adjunctive therapies. A recent review summarized the nondopaminergic pathways and mechanism of action of these drugs in PD. 91 Istradefylline is an adenosine A2A receptor antagonist currently approved in Japan and under review by the FDA. Potential benefits for nonmotor symptoms (cognition and depression) have also been suggested. 92 Reduction in Off 
95-97
ADS-5102 is a long-acting, formulation of amantadine HCl extended-release administered as a capsule once daily before bedtime. A phase II/III study showed reduction of dyskinesia compared with placebo (27% reduction in Unified Dyskinesia Rating Scale, p ¼ 0.005). 98 The most common side effect was constipation. Another long-acting formulation of amantadine HCl extended-release, administered as a single-dose daily in the morning, is currently under investigation in phase III trials (ClinicalTrial.gov, NCT02153632 and NCT02153645). Serotonergic agonists have also been investigated as potential therapies for LID, including Buspirone and Eltoprazine. Buspirone is a clinically available mixed α1 adrenergic receptor and 5-HT1A agonist that was tested in a single-dose study showing possible benefit in PD patients with LID. 99 A phase I study in combination with amantadine and a phase III trial (buspirone monotherapy) are currently active (ClinicalTrial. gov, NCT02589340). Eltoprazine is a combined 5-HT1A and 5-HT1B agonist, which in a recent phase IIa study, improved LID measured by the area under the curves of Clinical Dyskinesia Rating Scale (-1.02; p ¼ 0.004) and Rush Dyskinesia Rating Scale (-0.15; p ¼ 0.003). 100 Another phase II trial is currently active (ClinicalTrial.gov, NCT02439125).
Conclusion
Motor complications are extremely common in the natural history of PD, and include motor fluctuations (wearing-off phenomenon) and LID, often with significant impact on daily activities and quality of life. The main strategy for managing such patients is prevention; thus, using lower individual levodopa doses over time seems to be the best approach. The presence of LID will also often affect treatment choices for motor Off fluctuations due to the risk of exacerbating LID. Thus, with more advanced disease, treatment options may become more difficult. Advanced therapies, such as levodopa-gel infusion or surgery, then become the options. The nonmotor symptoms (covered elsewhere) clearly also affect treatment options in this population, mainly due to increasing the risk of side effects.
